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ABSTRACT: The water catchment area also indirectly impacts on flood control for areas that are lower than 

it because rainwater does not fall to the lower areas but is absorbed as groundwater. Increased development 

of Padang City will be inversely proportional to the reduction in water catchment areas and become an area 

that is impermeable that makes rainwater stagnate on the surface and flood occurs. The development of 

remote sensing technology and geographic information systems has made it possible to study the spatial 

patterns of potential water catchment areas in a wide range, including mapping the potential of water 

catchment areas in Padang City. This study aims to analyze the condition of the availability of water 

catchment areas for controlling water management and flood disasters in Padang City based on data on 

spatial parameters such as rainfall data, slope, soil type maps, and land use obtained from Landsat 8 OLI 

imagery data. This study uses the scoring and overlay method with the Geographical Information System. 

The results show that the condition of the water catchment area in the western part of Padang City have been 

critical, reaching 18.29% of the total area of Padang City, this is due to land use that has undergone a change 

of function. If the water infiltration condition worsens (critical), it gives more opportunities for flooding and 

inundation. Thus the areas with the potential for water absorption which are categorized as critical and very 

critical in the research location can be said to be areas that are potentially prone to flooding and inundation, 

because the ground surface is no longer able to absorb water. Monitoring the potential of water catchment 

areas is one form of flood mitigation efforts. 
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1. INTRODUCTION 

 

The need for land as space in the development 

process continues to increase in order to improve 

community welfare. Land use has a spatial 

dimension related to land use patterns and a time 

dimension related to changes in land use patterns. 

Water catchment areas also indirectly have an 

impact on flood control for areas that are lower 

than them because rainwater does not fall to the 

lower areas but is absorbed as groundwater. This 

absorbed water will then become a water reserve in 

the dry season as well as a water supply for the 

area below it. Of course, if the water catchment 

area changes its function to an established 

cultivation area, the absorption of water into the 

soil will be hampered and worse, it will not be able 

to absorb water so that the water flows to the 

surface which can cause flooding and will reduce 

water reserves in the ground for urban activities. 

[1]. 

Changes in land use functions and climate 

change in line with an increase in the rate of 

surface water and a decrease in the quality of water 

infiltration into the soil. A decrease in the quantity 

of rainwater infiltration triggers an increase in the 

quantity of surface water and a decrease in land 

surface [2]. Land use change is the main cause 

behind the changing hydrological processes, 

ecosystem and environment in urban catchments 

[3].  

The incidence of flooding in Padang City is 

increasing from year to year. Large quantities of 

rain falling and a short span of time in the built-up 

area causes a high volume of inundation and 

runoff. If all rainwater is channeled through 

existing rainwater channels (drainage channels) 

into rivers without being infiltrated into the 

ground, it will disrupt the balance of the water 

system and hydro ecosystem [4]. In general, 

flooding in Padang city is caused by the water flow 

and drainage that are unable to accommodate the 

water discharge so that the water overflows which 

will cause flooding. Flood has quite damaging 

effects on the affected area, including it will result 

in an increase in environmental disasters [5,6]. The 

Sumatra Journal of Disaster, Geography and Geography Education, Month, Year Vol.5, No. 1, pp. 49-54 

Disaster, Geography, Geography Education http://sjdgge.ppj.unp.ac.id/index.php/Sjdgge  

ISSN : 2580 - 4030 ( Print ) 2580 - 1775 ( Online), Indonesia 

 

mailto:dwimarsiska@itp.ac.id


Sumatra Journal of Disaster, Geography and Geography Education, Month, Year Vol.5, No. 1, pp. 49-54 

Disaster, Geography, Geography Education http://sjdgge.ppj.unp.ac.id/index.php/Sjdgge  
ISSN : 2580 - 4030 ( Print ) 2580 - 1775 ( Online), Indonesia 

 

50 

 

surface of the city generally uses water-resistant 

materials, in built areas the use of building 

materials such as asphalt, cement, and concrete 

causes water flow and drainage to be unable to 

accommodate water discharge so that water 

overflows which will cause flooding. In addition, 

if an area is watertight, it will be flooded when it 

rains because the water is blocked on the surface 

and does not seep into the ground. 

The increase in the development of Padang 

City will be inversely proportional to the reduction 

in air catchment areas and becoming an airtight 

area which causes rainwater to stagnate on the 

surface and cause flooding. Floods that submerge 

several urban villages in Padang City can cause 

various problems for public health [7] and even 

death [8], economic losses [9], and serious 

psychological disorders [10].  

Hydrological models have the advantage of 

assessing the impact of spatial patterns on urban 

rainfall runoff processes at various spatial scales. 

Geophysical factors affecting watershed runoff, 

such as soil conditions, climate and land cover, can 

be easily configured by changing the input 

parameters in the hydrological model [11,12]. In 

addition, hydrological models provide a 

reductionist way of calculating the characteristics 

of various spatial scenarios in detail without 

considering environmental complexity [13-15]. 

Thus, spatial based analysis is needed to generalize 

specific hydrological processes, and thus provide 

guidance for future urban flood management 

efforts [16]. 

In addition, the development of remote sensing 

technology and geographic information systems 

has made it possible to study the spatial patterns of 

potential water catchment areas in a wide range 

[17,18]. The combination of remote sensing 

technology and geographic information systems is 

very useful for early detection, monitoring the 

patterns, distribution and trends of city micro-

temperatures and predicting the effects on urban 

and residential ecology as well as helping in the 

decision-making process on land use planning in 

Padang City.  

Urban spatial patterns can promote the process 

of rainfall runoff in urban water catchments which 

are important for urban planning and flood 

management [19]. For example, the Geographical 

Information System can perform spatial data 

analysis and can be used as a decision making 

related to geography, including the problem of 

mapping the potential water catchment areas of 

Padang City. 

This study aims to model the potential of water 

catchment areas for urban flood management in 

the Padang City based on spatial parameter data. 

 

 

2. RESEARCH METHODS  

2.1 Study Area 

Padang City is a city with a fairly high rainfall 

and rainfall frequency. The city of Padang was 

chosen as the research location because the city of 

Padang is the provincial capital which is 

experiencing rapid development. The increase in 

the development of the city of Padang will be 

inversely proportional to the reduction in water 

catchment areas and becoming a watertight area 

which causes rainwater to stagnate on the surface 

and cause flooding. 

 

 
Fig.1. Study Area 

 

2.2 Data and Research Stages 

The data used in this study are LANDSAT 8 

OLI imagery obtained from Earth Explorer – 

USGS (http://earthexplorer.usgs.gov), soil type 

data, geological data, and slope data obtained from 

the Padang City BAPPEDA agency and rainfall 

data obtained from the Laboratory of Fluid 

Mechanics UNAND. LANDSAT 8 OLI Image 

Data is extracted to obtain actual land use data. 

The method used in this research is the scoring 

method and overlapping or overlay. Spatial 

analysis of water catchment zoning by overlaying 

spatial data. Determination of the potential zone of 

water catchment areas using a combination of 

spatial scoring and arithmetic methods. 

The research stages began with the data 

collection process. Landsat Image Extraction The 

actual land use in this study was obtained through 

data extraction of Landsat 8 OLI imagery. The 

initial stage of the extraction process, namely 

radiometric correction, is an image correction due 

to radiometric errors or radiometric defects, 

namely errors in the form of shifting values or 

degrees of gray image elements (pixels) in the 

image, caused by optical system errors, due to 

interference of electromagnetic radiation energy in 

the atmosphere, and errors due to the influence of 

the sun's elevation angle.  

The next stage is the process of image 

classification and interpretation using ENVI 5.1 

software. This study uses the IIL model derived 

http://earthexplorer.usgs.gov/
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from Landsat 8 OLI imagery. IIL acts as an object 

generator source in the segmentation process. IIL 

is built through a layer stacking process [20]. The 

method used in the segmentation process is the 

Edge Method. This step is included in the Feature 

extraction – Example based classification process 

by including a scale level, namely the process of 

segmenting images that have the same color or 

texture. After entering the scale level, it is 

followed by region merging which basically aims 

to group the parts that have the same object in 

order to improve the quality of segmentation. 

The next step is to test the accuracy of the 

interpretation results through field checking by 

measuring several coordinate points (sample areas) 

of land use / land cover. The United States 

Geological Survey (USGS) has determined a 

minimum level of classification accuracy or 

interpretation using remote sensing, which is less 

than 85% [21]. 

Rainfall maps are obtained from annual 

average rainfall data and data on the coordinates of 

the location of rainfall observation stations that 

represent the entire area of Padang City. Rainfall 

information is as follows: the amount of average 

monthly rainfall, the number of days of average 

rain in a month, and the average daily rainfall for a 

given month are needed to calculate the erosivity 

of the average monthly rainfall or the erosivity of 

the annual Bols or Lenvain). Long-term data are 

also needed, at least 10 years and preferably more 

than 20 years. Rainfall data is processed into 

spatial data using geostatistical interpolation 

methods. 

The soil type map obtained is a soil type map 

covering the entire Padang City area obtained from 

secondary data (agency data). Soil type is very 

influential on the infiltration process or the level of 

soil infiltration when compared to the capacity of 

rainwater that falls directly on the ground does not 

exceed or is less than the infiltration capacity, so 

the rate of infiltration can be said to be the same as 

the intensity of rain. Peta jenis tanah dibuat 

dengan mengekstrak data DEM (Digital 

Elevation Model) Kota Padang. Data DEM 

diolah dengan metode interpolasi dan 

klasifikasi kelas lereng menjadi beberapa 

kelas kemiringan lereng yaitu: 0-8% (datar), 

8-15 (landai), 15-25% (bergelombang), 25-

40% (agak curam) dan >40% (sangat curam) 

[22]. 
Classification of parameters of slope, soil type, 

rainfall, and land use is quoted from the 

Regulation of the Minister of Forestry of the 

Republic of Indonesia Number: P. 32/Menhut-

Ii/2009 in the Critical Assessment of Infiltration 

Areas (Optional) on the Technique for 

Determining the Classification of Infiltration 

Levels [23]. 

The overlay process is to combine two or more 

graphic data to obtain new graphic data that has a 

mapping unit (mapping unit). The result of the 

overlay will give you a new mapping unit (new 

map). The arithmetic method used in making a 

map of potential water catchment areas is the 

arithmetic method used in the overlay process of 

the potential water catchment area parameters in 

the form of a method of multiplying the score with 

the weight of each parameter of the potential water 

absorption area (infiltration). 

The results of the water infiltration parameter 

scoring are used to fill in the attribute data of the 

parameters that determine the natural infiltration 

ability. The data that has been filled in with the 

dignity values are then overlaid using the intersect 

overlapping analysis method. The value of the 

infiltration ability interval uses the Sturgesss 

interval formula, which is to divide the highest 

data value and the lowest data value so that it 

matches the desired class, the Sturgess interval 

formula [24]: 

Ki = (Xt –Xr) / k 

Information: 

Ki = Interval Class 

Xr = Lowest data 

Xt = Highest Data 

k = The number of classes desired 

 

 
Fig.2. Preparation Assessment Model 

Approach Catchments [23,25] 

 

The overlay process results from the natural 

infiltration ability of land use data using the 1998 

Directorate General of Reforestation and Land 

Rehabilitation infiltration model, modified by 

Wahyuni, et al. (2017) as presented in Figure 2. 
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3. RESULTS AND DISCUSSION 

 

In this study, water infiltration is divided into 6 

classes according to the Procedure for Preparing 

the Technical Plan for the Rehabilitation of Forests 

and Watershed Land (RTkRLHDAS), [26] that 

water catchment areas are divided into six 

classification criteria for water infiltration 

conditions ranging from good infiltration 

conditions. until the very critical condition. The 

explanation for each catchment area is as follows: 

Table 1. Potential Condition of Actual Water 

Infiltration in Padang City 

 

No Infiltration Are (Ha) 
Percentage 

(%) 

1 Good 49011,004 69,79 

2 Normal Natural 4013,590 5,71 

3 Start Critical 1435,447 2,04 

4 Somewhat Critical 2234,946 3,18 

5 Critical 12848,143 18,29 

6 Very Critial 683,527 0,97 

 

The condition of the water catchment area with 

the largest area in the study area, namely an area of 

69.79% of the area of the study area, is in good 

infiltration conditions, scattered in the eastern 

region of Padang City which is a mountainous area 

that has varying heights and is dominated by dense 

forest. This is followed by critical water 

infiltration, covering an area of 18.29% of the 

research area which is spread evenly in the western 

part of Padang City with a relatively flat to gentle 

slope and is dominated by the use of paddy fields 

and built-up land. Furthermore, normal natural 

water infiltration conditions have an area of 5.71% 

of the total area of the study area. The water 

infiltration condition is rather critical, covering an 

area of 3.18% of the total area of the study area. 

The condition of water infiltration is starting to be 

critical, covering an area of 2.04% of the total area 

of the study area. The water infiltration conditions 

with the smallest area in the study area, namely 

0.97% of the total area of the study area, are in 

very critical water infiltration conditions which are 

in an area dominated by Organosol and Glei 

Humus soil types and dominated by the use of 

paddy fields, open land. (mining) and built-up 

land. 

The results of mapping and identification of the 

actual conditions of the water catchment area 

based on land use in this research location indicate 

that the function of the water catchment area in 

Padang City is still good because most of the city 

is still dominated by forests. However, most of the 

water catchment areas in the western part of 

Padang City have been critical, reaching 18.29% 

of the total area of Padang City, this is due to land 

use that has undergone a change of function. 

The map of potential water cactment areas in 

Padang City that can be seen on the map Fig.1 

below. 

 

 
Fig.3 Map Potential Water Cactment Areas of Padang City
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Based on the research results, the area of 

potential for water absorption can be determined 

by using the Geographical Information System 

application. Whether or not the water infiltration of 

an area depends on the parameters of water 

infiltration. Areas that include good infiltration are 

areas that have a high total score according to the 

results of the overlay analysis. The better the 

infiltration of a parameter, the better the water 

infiltration of an area. In general, areas whose soil 

types have good infiltration have good infiltration. 

If the water infiltration condition worsens 

(critical), it gives more opportunities for flooding 

and inundation. Thus the areas with the potential 

for water absorption which are categorized as 

critical and very critical in the research location 

can be said to be areas that are potentially prone to 

flooding and inundation, because the ground 

surface is no longer able to absorb water. 

Monitoring the potential of water catchment 

areas is one form of flood mitigation efforts. 

Disaster mitigation activities are part of disaster 

management activities that focus on reducing 

potential impacts and losses due to disasters 

[5,6,27]. The potential of water catchment areas 

can be used as a recommendation in urban spatial 

planning in flood control and urban water 

management. 

 

4. CONCLUSION 

 

The condition of the water catchment area with 

the largest area in the study area, which is 69.79% 

of the total area of the study area, is in good 

infiltration conditions scattered in the eastern 

region Padang City is a mountainous area that has 

varying heights and is dominated by dense forest. 

However, most of the water catchment areas in the 

western part of Padang City have been critical, 

reaching 18.29% of the total area of Padang City, 

this is due to land use that has undergone a change 

of function. If the water infiltration condition 

worsens (critical), it gives more opportunities for 

flooding and inundation. Thus the areas with the 

potential for water absorption which are 

categorized as critical and very critical in the 

research location can be said to be areas that are 

potentially prone to flooding and inundation, 

because the ground surface is no longer able to 

absorb water. Monitoring the potential of water 

catchment areas is one form of flood mitigation 

efforts. 
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